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An investigationwas

Holtzclaw and Ytie Welsman “
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made to determine the effects of slot
shape and fkp &aticn on tie c~cteristl cs of m w 66,H16
(a = O.6) airfoil eqafpped with a O.2~hord slotted flap to prcmide
a basis i’ortie study of drooped ailerons. TWO slots were Investigated
and practical flap pa’tiswere selected for each. One slot had a rounded
entry; the other had an entry designed to reduce the gap with the flap
retmactmd to a practical mlnlmum.

Slot shape was found to have a negligible effect on the mmlmwn
llft coeffIcient If the flap was properly located. With the flap
deflected, the roundetintry slot had liner drag coeffIcients for
Intermediate lift coefficients than the mlnimm+gap slot. For either
slot, tie increment of sectlon pitching+mment coef??clent caused by
flap deflection was a~o~tely proportional to the Increment of
section lift coeffIclent.

With the flap retz’actedthe mln~p slot had a luwer
&lmum profile-drag coefficient, lcw4rag characteristics over a
larger range of lift coefficients, and slightly higher section
pltchl~ t coeffIcients than tie rcunded+mtry slot.

The flap locationc for mmlmum llft and minimum dzmg with
respect to the airfoil (flap deflected) were further aft and higher
Ullihthenllnlmm+gap slot than ulth the rounded-entry slot.



Fcm acme time the ?JationalAdtisary Cmmittee for Aermautics
has been Investlgatl.ngairfoils equi~ed wi+k high-lift devices for
the purpose of.Improving the perf~.ce characteristics of these
airfoils. Ihe results of testq of low4rag airfoils equipped with
slotted flaps have been presented In reference 1. The results of
refererice2 tiow that, on conventional.airfoils, openlngE In the
airfoil surface caused a ~s~ble inc~se in dz%g of the attiotl
for the condition of hig&epeed flight. It was also found that the
location of the flap had a krge Irfluence on the magnitude of the
maxhmzm obtalnable llft coefficlents.

To provide a basis for a etudy of the characteristics of
drooped ailerons, the effects of SJ.O-Cshape and flap location on
the section aerodynamic characteristics of a low=hag airfoil were
determined and practical flap P’5S were selected.

The tests were conductnd in the 7- by NM?oot tind tunrel No. 1
of the Ames Aeronautical Laborata.my.

!l%ecoefficients used In the presentation of results are as
follows:

c1 section lift coefficient (1,/qc)

Lfq incrmnent of section lift coefficient due to flap deflection

c%profil- coefficient (~/qc)

% section pltching+nnen t coefficient about quarter choM of
section with flap ii neiztralposition (m/qcz)

~ Increment of section pitchlngaome nt coefficient due to flap
deflection

where

1 sec~ion lift

do pmti.le drag

m seotion pltchlng mcmmnt
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c’ Mz!?oll chord-including flap ‘ -

‘Em ltft, profil~, and pitchlng+mment coeffiolents have
been ccamected for tunnel+all effects. A campariscn of force-test
results with pressure-dlstrlbuticnmeasurements of section llft and
pitchl~t coefficients indicated negligible end-plate effect
On these coefficients. ‘Iheen&pUte effect on the profIle-dmg
coefficients was detezmd.nedby a ccmrpriscn of measurements of the
loss of momentum in the wing wake with the force-test measurements.
All the results have been corrected for this effect.

MaDEL m APPARATUS

‘Iheairfoil was constructed of laminated nE&c@ny to the
NMA 66,2-216 (a = O.6) profile of Lf oot chmd. me airfoil
crdimtes are given in table I. The aft 0.35 chord of the airfoil
was made rmmvable to allow tho testing of different slots. The
airfoil and flap were equipped with a single ruw of pressure orifices
built Into the upper and lower surfaces at the uldqan station. The
orifice locations are listed in table II. The flap was constructed
of lamlnated ndmgany to confomn to the prcx?ileof the ncnmml
airfoil section. The flap ordinates are given In &ble III. The
details of the two slots tested are shown in figcre 1. Slot A had
a rounded enlry, while slot B had an entry deeigned to reduce the
gap with the flap re~cted to a ~ctlcal mlnlmum. ~ slots will
be referred to by their letter designations throughout _&e remainder
of this report.

!cEsT Inswmcm

The airfoil was mounted vertically in the 7- by lo-foot wind
tunnel No. 1 completely spanning the height of the tunnel, as
shown lnfigure2. Turntables, 6 feet in diameter, were attached
rigidly to the model and mounted flush with the tunnel floor and
ceiling. I?rovlsionswere made for changing we mgle of attack,
flap deflection, and the norml and chordwlse location of the flap

L
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while the tunnel .waein operation.

!cum

The tests were conducted at a dynemlc pressure of 50 pounds
Wr sqm foot, corresponding to a Reynolds number of approfimitel.y
5,100,000 (Mach number of approx. 0.19). Lift, drag, and pltchl~
mment measurements were made throughout the useful angl+of~ttack
range for a ccast.antflap defIection azndposlM on. An ave~e of
20 flap locations was Inveatlgatsd with each slot for flap deflections
of 0°, 10°, 20°,.30°, 40°, and 50°. A very limited nuniberwere also
investigated for 45°. Due to the high loads Imposed upon the balance
system and the nature of the stall of the model, very fww test points
were obtained after the stall. Ihe mximum lift, huwever, was
measured for every flap locatlon.

RESULTS AND DISCUSSION

The results of tests to detemrlne the effects of slot shape
and flap location on the characters tics of a lcYuArag airfoil
equipped with a O.25-chord clotted flap are prcmented ae contours
of the nose position of the flap For constant lift and drag coeffi—
clents. The reference point for these contours wne taken as the
intersection of the airfoil chord line and the flap nose with the
flap retracted (station 0.755 chcmd on the chord line).

!Ihe Variatton of mdmum lift coefficient with flap location
and deflection is shown in figure 3 for slot A and in figure 4 for
slot B. The flap location with reepect to the airfoil for maxdmmm
Mft at a given deflection Is further aft and higher with slot B
than with slot A. me ~ measured lift coefficient was 2.89
with slot A (fig. 3(d)) and 2.90 with slot B (fig. 4(d)). me
dlfferenco between these values is within the experimental accumcy
of the tests. Both mafimum values were measured with 40° flap
~flectf~. Due to t- limltatlon3, the maximum posolble llft
coefficient was not measured for all flap deflections.

The llft coefficients for which the contours of constant -
coefficients ara presented were eelected to cover +&e range of llft.
coefficlente for which the drag coefficient is decreased.by flap
deflection. These data arc presented for various flap deflections
with slot A In figure 5 cundwith slot B In figure 6. As In the
case of the =* lift coefficient, the flap location for
mlmlnum ~, at a given deflection and lift coefflclent, is.fmtlmr

... ---- ----- A
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aft and higher wLth slot B than with slot A. The measured mlnimnn
‘s“ - drag Coeffloielltafor.

.—
intemadiate. lift.meffioi~tp .- lqw-~ witi

slot A than with slot B. This is pmobably the result of smootlier
flow through the slot with the rounfid entry.

Ccmrpleteaemdynamio ohamoteristics of the airfoil with slot A
era shmrn in figure 7 for the flap ~th described by figure 8. For
this pth the flap is simply hinged about a point 80.25~eroent wing
ohcmd frcm the leading edge of the airfoil and 8-peroent wing ohcmd
below the ohcmd line. !Iheohamcteristics of tie airfoil with slot B
are shown In figure 9 fa the flap path desuribed by figure 10. For
this path the flap nose moves &pt and up along a straight line with
the flap deflection increasing as the flap is extended. ~se flap
paths were chosen with a view toward a praotical Installation.
Sufficient data have been ~esented in the form of contours (figs. 3
to 6) to esttite ‘&e nmximum lift and drag characteristicsfor
alternate flap paths.

Envelope polars for the two flap paths are shmn In figure IJ-.
-ta for the plain airfoil as taken from reference 1 Euw also shown
for comparison. As shown by this figure, lower profile drag was
ob’tainedwith slot A than with slot B for llft coefficients frau
o.~ to2.65. The irregularities In these curves are oaused by a
shift of the low- range with flap deflection (figs. 7 and 9).

A comparison of the mximum llftioefflcient increments due to
flap deflection for the two flap pths is shown in figure 12. For
further comparison, curves are shuwn for the maxdmum liftioefflcient
increments measured with the two slots. As shuwn by figure 12, and
figures 3 and 4, the f measured lift coefficient wns obtained
at a flap deflection ~for both slots. It should be ~si~ed
that a limited nuniberof points were taken for the contours so tkt
the maximum obtainable lift was not measured for every flap deflection,
particularly for the low deflections.

As illustmted by fi~e 13, the increments of section pitohi~
moment coefficient due to flap dsfleotlcm ~e approximately
lEVorti~ to tie increments of section Mf t coefficient. The
variation shown Is for zero angle of attack fm the selected flap
pathe.

A carrprison of the section aerodynamic chammteristics of the
airfoil, with the clotted flap unreflected, with the
characteristics of the plain wing as teken frcm %ferenoe 1 is
shown in f@are 14. As shown by this figure, tie drag inorement
due to the addition of the slot was coneidembly higher with slot A

.
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than with slot B. The mininmm profile-drag coefficient was 0.0055
wl+~ slot A and 0.0042 with slot B as ccmpsxed to 0.0040 for the
plain airfoil. The mmge of llft coefflclenta for which low-
characteristics were apparent was larger with slot B than with slot A
(fig. 14).

CONCLUDING REMIRKS .

The results of the tests to determine +&e effects of slot shape
and flap loce.tlonon the characteristics of a lcnArag airfoil
equipped with a O.2%hord slotted flap indicated the following:

1. Slot shaDe had a nogliglble effect on the maximum lift
coefficient for the two slots teeLed if the flap was properly located.

2. For Intermediate lift coefficients WI+& the flap deflected,
the rounded-entry slot had lower profile dmg.

3. For either slot the increment of section pltchlr!!+ncmmnt
com?ficlent flueto flap defloctlon was approximately -rtlonal
to the Increment of section lift coefficient.

4. The addition of the minhmnm gap dot to the plain airfoil
caused an increase In +&e section ~ofllm coefficient of
0.0002 (flap retracted), while the addition of ‘io rounded.-ntry
clot caused am increase of 0.0015.

5* Lcm dmg was obtained for a larger range of lift coeffi-
cients with the minimum-gap slot (flap re-cted) than with the
rounde-ntry slot.

6. !l%epitching+nomcnt coefficients were slightly hlgllerwith
the mln~p do-k (flap retltxtod) tha.nwlth +ho rounde&entry
slot,

Ames Aeronautical Labcratmry,
Nntloral Advisory Ccmmitte5 folrAeronautics,

Moffett Field, (XIAf.
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9MBIE r.- aRD~~SFOR NACA 66,H16 (a = 0.6) -OIL
., . [Stations and.q!fil+t~s Inperoent of a~oilclumdl

Upper surface
— —,
Station

.— -
0
.371
.607

1.091
2.317
4.794
7.284
g.791

14.798
19.&)6
24.832
29.862
34.87
39.936
44.$@
50.023
55.073
60.141
65.191
70.198
75.181
80.148
V&.lo:

95:021
100

. .—
Ordinate

:.242
1.501
1.886
2 ● 615
3● 701
4,563
5.308
6.500
7. k28
6.155
8.708
9.098
~, 355
9.471
9. h31
9.22h
8.800
8.oP~
7.068
:.88@

3:265
1.937

.762
0

L.E. raddus: 1.575

Lower aurfaoe
.—..
station

o
.629
.893

1.409
2.S63
5.206
7.716

lc.219
1>.212
20. @+
25. ~~
30,138
35.103
40.064
45,022
kg. 977
54. ?27
59.69
64.809
69a&
74. 8i9
79.952
84.894
g.:;

.
100

——

Ch@.nate
-

0
-1.112
-1.319
4.64)8
-2.127
-2,869
_3 ● ~~
-3. 93L
4.702
-5.290
-5.741
-6.03
-6,312
-6.462
-6.523
-6.483
-6.336
~JJ!@

-5. 5-[4
-4.966
-4.037
-3.107
-2.177
-1.235
-.432
0

T.E. rad~ua: 0.0525

8
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Wing orifices “ Flap cmlflces .
station
(percent

math+
Surface (:~y:

airfoil
f

Surfaoe

chord) chord

o Leading ewe 75.00 Leading edge
.625 Upper and lower 75.20 Upper and lower

1.25 75.60
2.50 76. ko

77.50
;:$ 78.80

10.00 80.00
15.00 82.50
20,00 85.00
25.00 87.00
30.00 go. oo
35.00 92.50
40.00 %.00
45.00 97.50
50.00

1

g8.80 I
55.00
60.00
65.00

.

70.00
72.50 Lower
75.00 Upper and luwer
77.50 Lower

60.00 Lower

.
‘Flap retracted
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- III.- mmm R’m o.25-oEORDSLo!tTm FxAP

~ ‘lEl$I?JICA66,-6 (a = 0.6) AIRFOIL
[Staticma and ordlnatea In m

oemt of aitioil ohmd]

stationUpper &aoe Lower mdkoe

~.000 +875 ----
75.5= ● 042 -3.062
$.oJ: .8~ -3.437

1.937 -~ .534
78:125 2. 6’L6 -j. k17
79.167 3,125
80.208

-3. T.29

81.250
3.476 -3. 3%2
3.6ti -2.054

&.292 3.637 -:2 0+6
83.333 3.625 *, 437
84.375 3.437 -2”250
85.417 3.208 4.062
87.500 2.646
89.583

-1.667
2.083 A.2*

gl.667 1.542 -.917
939750 1.062 -.583
95.833 .604 -.333
g. 917 ● 271 -.167
00 - .- ----

T.E. mdiuE: O.0~

*

—.. . ---- ---- . . -— — -—.
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(a) Front view (b) Rear view

Figure 2.- The NACA 66,2-216 (a = 0.6) airfoil
mounted in the 7- by ,10-foot wind tunnel.
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